We developed and pilot-tested an overall protocol for intervention studies to evaluate the effects of indoor environmental changes in office buildings on the health symptoms and comfort of occupants. The protocol includes a web-based survey to assess the occupant's responses, as well as specific features of study design and analysis. The pilot study, carried out on two similar floors in a single building, compared two types of ventilation system filter media. With support from the building's Facilities staff, the implementation of the filter change intervention went well. While the web-based survey tool worked well also, low overall response rates (21-34% among the three work groups included) limited our ability to evaluate the filter intervention., The total number of questionnaires returned was low even though we extended the study from eight to ten weeks. Because another simultaneous study we conducted elsewhere using the same survey had a high response rate (>70%), we conclude that the low response here resulted from issues specific to this pilot, including unexpected restrictions by some employing agencies on communication with occupants.
The protocol should be usable for future intervention studies that assess the effects of changing the indoor environments of offices on occupant symptoms or comfort. Promising environmental factors to study, considered likely to influence the health or environmental satisfaction of occupants, in addition to reducing entry of outdoor pollutants such as ozone into indoor air, include ventilation rates, cleaning practices, and other aspects of the operation or maintenance of buildings. Estimates that we provide here on the frequencies of symptoms will also help in planning the necessary sizes of future studies.
Background
We still have large gaps in our knowledge about the influence of various environmental factors on human health and comfort in indoor work environments such as offices. The ability to study the effects of environmental factors in buildings would be substantially improved with the availability of field-tested tools for conducting occupant surveys that were convenient, paperfree, and designed specifically for rigorous environmental intervention studies in buildings. Such research tools should collect survey data quickly and conveniently in ways that encourage high, repeated participation rates over the extended period of a crossover intervention study. The survey tools should provide real-time error checking, secure longitudinal data storage, direct data export for analysis (i.e., without manual key-entry), and simple means for contacting potential respondents regarding participation, reminders, incentives, and thanks.
We report here the results of a project in which we developed and pilot-tested a protocol for indoor environmental intervention studies in office buildings. The protocol includes implementation of a simple indoor environmental intervention in a multiple crossover design, collection of data using a web-based occupant survey, and collection of limited environmental data. This initial test supports recommendations for future improvements to the protocol. It also provides data on the distributions of the outcomes measured and the response rates to the survey over time, to help in estimating the necessary sample size for future use of the protocol.
The specific intervention used in this project compared, in two similar office spaces within one building, ventilation particle filters of two different materials. These materials, according to one previous study, may be associated with different levels of occupant symptoms, especially in the presence of moderate or higher levels of outdoor ozone (Buchanan et al. 2008] . We summarize here the findings, including results for various symptom outcomes measured, and patterns of association observed between these outcomes and various factors.
Goals
Specific goals of the study were:
• To develop and pilot-test a protocol for intervention studies in office buildings suitable for evaluating indoor environmental interventions for effects on the health and comfort of occupants.. • To develop a specific web-based survey tool for use in the pilot protocol.
• To estimate survey response rates and evaluate, as feasible, factors that could be changed to improve future response rates.
• To perform preliminary analyses of the associations between health outcomes in occupants and key environmental variables (anticipating that the pilot data would likely be too limited for complex analyses or clear findings).
• To suggest revisions for the pilot protocol and the web-based survey.
• To provide a basis, using the symptom levels and response rates in the pilot, in specifying necessary sample sizes for future application of the study protocol.
Approach

Study preparation -protocol and survey
We developed a study protocol for conducting blinded, multiple crossover studies in two similar office spaces within a single building. In a blinded study, the subjects don't know what study condition they are experiencing at any specific time, to reduce bias in their responses. A multiple crossover design changes the conditions of interest back and forth between the study spaces multiple times during the course of the study (see Table 1 ). Compared to a simple twogroup before-after design, exchanging conditions between two study groups one time (single crossover) helps ensure that chance differences between the study groups themselves do not influence the conclusions about effects of the study conditions, because each group experiences each experimental condition. Exchanging the conditions multiple times (multiple crossover) helps ensure that association of outside circumstances with one study condition due to chance during a single crossover does not influence the findings, because this chance association is not likely to track systematically with the alternating conditions through multiple crossovers. We developed a web-based questionnaire, based on an instrument we had previously developed using open access software (LimeSurvey -see http://www.limesurvey.org/). The overall survey protocol includes a series of repeated questionnaires, administered every two weeks. The first survey completed by each subject asks for individual background information (e.g., demographics, job and workspace information, health history). The initial and then all repeated/recurring questionnaires collect information on a number of health symptoms (severity that day at work), on various aspects of satisfaction with the indoor environment such as air quality and thermal comfort, and on a variety of secondary factors. (See Appendices 1 and 2 for the questions in the initial and the recurring questionnaire.) The finished survey tool includes secure longitudinal data tracking, data entry limits to accept only appropriate answers for each question to reduce errors, required responses to most question (even if only a response of 'no answer'), and the ability to export data for analyses using a choice of statistical software.
The survey was designed for convenient, effective administration by researchers at a remote location, using only a list of the email addresses (and optionally, first names) of all potential participants, supplied by the employer. The survey system generates and sends to each potential participant a sequence of emails, customizable by researchers: to describe the upcoming surveys, to notify participants during each 2-week study period during the crossover study when it is time to complete the online questionnaire, to request those who had not yet responded to complete the questionnaire, and to thank those who had completed the questionnaire. Those who explicitly decline to participate are removed from the list and receive no more emails about the survey.
Each worker willing to participate completes an electronic informed consent before completing the first survey, and accesses the survey through a personalized "web link" contained in the notification email sent during each 2-week study period,. The link includes both a web address for the specific survey set up for that 2-week study period, as well as a personal "token" (i.d. number) for that person at that time which allows access to the correct survey at that web address. (Note that the survey system can collect data on multiple studies and multiple buildings at the same time.) The system stores, on the project's computer server, all questionnaire responses provided by each individual as data linked to the individual with that email address and the date of survey completion. Each individual receives a specific token for each study period. Respondents not completing surveys within a certain amount of time are reminded through up to two automatically generated emails, each containing the individual's web-link and token for that period. A token will not allow completion of the same survey more than once within one study period. An individual's series of tokens throughout the study are linked to the participant's email address through a data file on the server that is kept separate from the data.
After drafting the survey, we tested it among a few workers in our office and revised it as necessary.
We submitted the study protocol and the web survey to our institutional review board for Human Subjects Committee approval, made all suggested revisions, and obtained approval. (See Appendix 3 for the final approved Human Subjects Protocol. Note that within the Human Subjects Protocol in Appendix 3, the two web surveys listed as appendices 4 and 5 are not included -they are provided as Appendices 1 and 2 for this report.)
Study preparation -field study
We identified, with the assistance of federal and regional U.S. General Services Administration (GSA) staff, a suitable building and population for the pilot study. This was a federal building in a warm-climate region with substantial ambient ozone levels. The two study spaces were two floors in a large wing of the building, each said to have over 200 workers, all working in different groups within the same federal agency.
We obtained agreement to study the building and its occupants from the facility manager and the managers of the employee groups in the study spaces. The management of each group determined what access we had to the individual workers. We also made arrangements with the facility manager that their staff would provide access and support for our staff when we installed and exchanged the ventilation system filters throughout the study. All expenses for filter materials were covered by LBNL, through the support of GSA.
We arranged for advance notification of occupants in the study areas about the study, through emails sent to the manager of each employee group by the facility manager. We also publicized, through the facility manager, advance presentations for workers in the study spaces in which we would describe the purpose and procedures of the upcoming study and encourage their participation in the surveys. We conducted three introductory presentations in large meeting rooms, using slides and answering questions.
Data collection
To test out protocol, we conducted a multiple-crossover intervention using two types of particle filters (synthetic or fiberglass media). The two study areas were the two floors in one wing of the building, each floor served by two ventilation air handling units (AHUs). We initially installed new filters on the two study floors, one kind for each floor. At the beginning of each two-week study period (on a Monday or Tuesday), we moved/exchanged the filters between floors.
Each AHU contained a rack of 20 bag filters -15 were 2' by 2' in height and width, and five were 2' by 1', and all were 15 inches deep. The polyester/synthetic filters used were Airguard Clean-Pak, and the fiberglass filters were Airguard Venti-Pak. The two types of filters, aside from material, were very similar, with the same dimensions, 53 square feet in media area for a 2' x2' filter, MERV 13, and estimated initial pressure drop of 0.53 in H 2 O at 500 fpm face velocity. We removed all prefilters for the duration of the study.
We requested questionnaire completion during the last three workdays (Wednesday -Friday) of each two-week study period, to allow an extended period for the filter material to influence symptoms among occupants. For groups of workers for whom we obtained individual e-mail addresses, we sent emails notifying them about each upcoming questionnaire period, and reminding by email (up to two times) those who had not responded. For workers whose individual email addresses we could not obtain, we provided notification emails to a single contact within their group to forward to individual workers before each questionnaire period, and to send out one general reminder during each questionnaire period. The study was originally scheduled to include four two-week periods, for a total of eight weeks, but we added one additional two-week period, resulting in a total length of 10 weeks.
In the surveys, severity of each symptom at work that day was assessed on a scale ranging from 0-10 (see Appendices 1 and 2). We analyzed four symptoms individually (eye, skin, headache, and fatigue), with integral values from 0-10. We combined six symptoms into an upper respiratory symptom index (wheezing, chest tightness, shortness of breath) and a lower respiratory symptom index (congested nose, sneezing, sore or dry throat). Index values based on the mean of the included variables thus also ranged from 0-10, but could have fractional values. A variety of other outcomes, not analyzed here, were also assessed in the survey, including health outcomes (current respiratory illness, total absences and illness-related absences from work in the prior four weeks, and history of several diagnosed illnesses) and indoor environmental perceptions (temperature, humidity, freshness of environment, odors). In addition, a variety of personal, demographic, workspace, and job-related factors were collected. While participants were not required to answer any specific question and could stop at any time, continuing through the survey required providing for each question either a specific answer, or the response "no answer." All participants were unaware of which filter condition they were experiencing at any time, although they were aware that the study was comparing different kinds of commonly used ventilation system filters.
We also conducted limited environmental measurements, including real-time logging of indoor temperature and humidity using Hobo monitors (4 per study floor) and CO 2 using Fuji CO 2 meters (1 per study floor). Ambient ozone was estimated from U.S. EPA data (using the nearest available outdoor fixed monitoring site) for each day as the mean 8-hour concentration outdoors. Data from each completed questionnaire was linked to environmental data for the day of questionnaire completion. Before conducting analyses, we confirmed that the specific filter types had been installed on each floor as scheduled throughout the study, using dated photographs of the filters in each air handler at the beginning of each study period.
Statistical Analyses
We exported the survey data that was stored on our computer server by the LimeSurvey application (through Excel) to SAS (SAS 9.1, Cary, NC). We uploaded the environmental data collected from the sensors. We then combined the data from the surveys and the indoor environmental monitors with the data on ambient ozone. Subjects were linked by the floor level of their workstation plus the completion date of each questionnaire to the relevant filter material and to measured indoor and outdoor environmental conditions. We analyzed all data using SAS, including the response rates over the five study periods and the level of six selected symptom outcomes. We performed initial descriptive, univariate analyses, then unadjusted bivariate analyses on the associations of symptoms with the filter material and other selected factors, and finally performed multivariate analyses. For the latter, we used SAS Proc Genmod with generalized estimating equations (GEE) to create models reflecting that data were collected repeatedly from each respondent over time.
We estimated the associations between each symptom outcome and filter material (2 types) and ambient ozone concentration (2 levels). Models included an "interaction" between filter material and ambient ozone (using the observed median level as a cut-off between low and high), thus allowing the estimated effects of filter material to differ at lower and higher ambient ozone levels. We planned to adjust the model for floor in building (5 levels), indoor temperature (measured continuously), indoor carbon dioxide as a proxy for ventilation rate (2 levels), and time of day of questionnaire completion (2 levels); however, one CO 2 monitor failed, so this was omitted from the models.
For additional details of the statistical modeling approach, see Appendix 4.
Results
Attendance was extremely low at all three of the pre-study presentations that we conducted to inform workers about the upcoming study and to invite their participation in the survey: each session drew 2-4 people out of the hundreds of total occupants. We had provided text for email announcements about the presentation to Facilities staff to send out to managers of potential participants. Unbeknownst to us, the first presentation was not publicized because a notice was sent to only one manager to send out more broadly, but the manager was out of the office then and through the day of the meeting. For the second and third meetings, individual email messages were apparently sent out (i.e., not by us, but sent by Facilities staff to managers at the three tenant sub-agencies) to all eligible employees, but still almost no one attended the presentations. This was an early indication of the low level of involvement in the study by both managers and occupants.
We will refer to the three employee groups included in the study, all within the same federal agency, as groups B, S, and I. The I group was the only one for which communication conditions approximated those for which the survey was designed. We were given email addresses for all workers in that group who had workstations within either study space. We were thus able to contact all these workers (31) directly by email, ask them about their willingness to participate, remove from our email list all who chose not to participate, provide willing participants with unique personal links to the surveys through personal emails, and selectively recontact only the non-respondents with direct email reminders. Managers and other employees were not told who participated.
In group S, the management decided (without our knowledge) to ask all employees directly (but without pressure) if they were willing to participate in the survey, and then provided us with the email addresses of the six (out of 18) employees who agreed. We were thus not able to communicate directly about the study with a large proportion of the workers in this group. Also, managers were aware of which workers agreed initially to participate, which was inappropriate.
In group B, the largest of the groups, we were not given email addresses of individual employees, but were required to send prototype emails to one environmental health and safety worker who forwarded them to all workers in the group. This included, for each study period, the initial invitation to participate and one additional reminder to complete the survey. We were not, however, able to get an exact count of potential workers in this group, although we received an unofficial estimate of about 150.
For all participants with whom we had direct email contact (all of group B and the subset of group I who had initially agreed to participate), we were able to follow the planned survey protocol. In group B, with no direct email access, even those who decided at any point not to participate still received all later emails related to the study. (For this group, the Human Subjects Committee suggested that we send out only one general reminder during each study session, as opposed to two carefully targeted reminders in the other groups). In this group, we also could not provide each participant's token electronically in email messages. Therefore, we printed out token numbers on individual sheets of paper, had these distributed in mailboxes of all potential participants (without being able to keep track of who actually received their token), and asked them to keep and use this token repeatedly over the 8-10 week study.
Starting on the second Wednesday of each 2-week study period, we emailed participants and asked them to complete the questionnaires in the afternoon on Wednesday, Thursday, or Friday of that week. Some surveys were nevertheless completed in the morning or not until the following week during a later study period. The result was that some respondents submitted no survey in some study periods but two surveys in other study periods; these were both accepted by the survey system because they were considered two different surveys, although submitted during one study period. We considered all surveys completed, during any work hour any day of the week, to be potentially eligible. However, we considered only the last of any multiple surveys submitted by each participant within each study period to be eligible, and we considered surveys completed during a "transition" day on which filters were changed to be ineligible. Table 2 shows response numbers by work group and by study floor. Calculation of exact response rates was possible only within the two work groups for which we had exact numbers for total employees. We were unable to obtain total employee counts for work group B, or for study floors.
Response rates
Overall response was very low, and some of those among the submitted surveys were ineligible (not included in Table 2 ) due to multiple submission within a study period or submission on a transition day. The overall response was highest (34%) in group I, for which we had complete email access and were able to follow the planned survey strategy; lower (23%) in group S, to which we had email access to only one third of the total employees; and only a little lower than that (21%) in group B, to which we had no direct email access. Overall, of approximately 995 potential questionnaires possible from 199 occupants over five surveys, we received only 228 valid questionnaires (23%). 
* total eligible workers on each study floor unknown, so percent response not reported Survey participation in each worker group had an initial peak during one of the first two periods, then stayed the same or declined into the third period. At this point, we scheduled a new fifth period, made a major effort to increase response in the remaining periods 4 and 5 (through emails to accessible occupants describing the low response rate to date, and requests to the management to support the study more strongly). This was somewhat successful in groups to which we had direct access, as response for periods 4 and 5 increased in groups I and S. Success in group B, with no direct email access, was limited.
Before these last two study periods, we also explored the possibility of providing financial incentives to potential participants to complete the last two questionnaires, in the form of a $25 "e-gift-card" to a major retailer. These have been found to be effective incentives in prior studies. We received Human Subjects Committee approval, but ran into two other insurmountable problems -the federal agency occupying the study building would not allow us to pay for incentives with federal funds (which were supporting the pilot study), and some work group managers would not allow the incentives for various reasons (e.g., workers in non-study spaces in the building might be unhappy if not offered this incentive; the incentive would pay workers for time at work for which they were already being paid).
Results of environmental parameters monitored are provided in Table 3 . Temperatures indoors showed little variation, less than 2º F, and while slightly warm were mostly within the thermal comfort range. On the one floor for which we had valid CO 2 data, these values were very low and showed little variation (the maximum was perhaps only 113 ppm above outside levels), suggesting a consistently high ventilation rate on that floor. Outdoor ozone varied substantially over the five study periods. The filter schedule for the study is shown in Table 4 . Also shown are the values of measured environmental parameters by floor and study period. Temperature differences between floors were small, both overall (0.26 ºF), and for specific weeks (range of differences, 0.10 -0.86 ºF). Difference in CO 2 (ventilation rate) could not be estimated. Ambient ozone concentrations showed the expected gradual reduction for the late summer/early autumn in Sacramento. Table 5 shows the distributions of reported symptom severities for each period and study floor. For each symptom, a large proportions of respondents reported 0 severity (no symptom at all), with proportions over 50% for lower respiratory symptoms, skin symptoms, headache, and fatigue; 43% for eye symptoms, and 32% for upper respiratory symptoms. This is important because some statistical models (see Appendix 4) have limits on the proportion of 0 values in outcome data (no more than about 40%) that can be used. The distributions of average symptom severity by floor and study period, for the six symptoms used in analyses, are provided in Table 6a . Symptoms were generally highest during the first study period, with few exceptions, but did not show consistent reductions afterwards. Symptom severities were also almost always higher on floor 2 than on floor 1, except for headache and upper respiratory symptoms.
Symptom severities by filter type and study periods are shown in Table 6b , with two sets of summary numbers. Because the symptoms are highest in period 1 in all groups, and floor 2 has a much larger set of responses, this may limit the effectiveness of the crossover design in compensating weekly differences, and increase the apparent negative influence of the filter used on floor 2 in period 1 (i.e., the fiberglass filter). For this reason we have also provided the summary means excluding period 1. Means for all periods showed at least some greater severity of all symptoms for fiberglass filters. Means for periods 2-5 showed a less consistent pattern, with fiberglass filters associated with more severe symptoms for four of six symptoms. * Mean values for symptoms on a scale from 0-10 Table 7 provides results of bivariate analyses of symptom severity with other independent variables, one at a time, including filter material, ambient ozone, indoor temperature, and time of day of questionnaire completion. Symptom severities overall were highest for eye symptoms and fatigue, intermediate for upper respiratory symptoms, headache, and skin symptoms, and very low for lower respiratory symptoms. Severity of all symptoms was slightly higher with fiberglass than with synthetic filters. Severity was increased with higher ozone for all symptoms except headache. Severity for most symptoms was higher for questionnaires completed in the morning, except for eye symptoms and fatigue. Severity of most symptoms was higher at higher indoor temperatures, except for headache and fatigue. Table 8 provides estimates from multivariate models, which control for potential confounding by various factors, for the two (of six) symptom outcomes with data suitable for modeling (i.e., with sufficiently small proportions of "0" responses). Results for synthetic filters only suggested a very slight, non-significant increase for both symptoms. For higher ambient ozone, the model showed a significant 64% increase in severity for upper respiratory symptoms and a smaller nonsignificant increase in eye symptoms. The combination of synthetic filters and higher ambient ozone was not associated with an increase greater than would have been predicted based on the independent estimates for each, because the (non-significant) estimates for the interaction term were 0.67 and 0.90 rather than larger than 1.0.
In alternate models (not shown) for the two symptoms, excluding the non-significant interaction terms for filter*ozone, results were generally similar. In the alternate models, a significant association was seen only for higher ambient ozone and severity of upper respiratory symptoms (with a 35% increase), but the small non-significant increase for eye symptoms with ozone persisted. The filter material effects were still not significant for either symptom. 
Discussion
The primary goals of this project were to design and field-test a protocol for conducting indoor environmental intervention research in office buildings, including a web-based occupant survey for occupants, and to recommend revisions to make it suitable for application in future field intervention studies in single or multiple office buildings.
The web survey worked well technically, for the potential and active participants for whom we had email addresses, in • allowing easy communication,
• allowing restricted communication when needed with only desired subgroups, such as continuing participants or non-respondents; • collecting data;
• allowing production of a clean data set exportable for analysis.
Lessons from the pilot study
Overall response rate to the survey was very low. The overall response was best (34%) in group I, for which we had complete email access and were able to use the effective communication techniques built into the survey; lower (23%) in group S, to which we had email access from the beginning to only one third of the total employees; and only a little lower than that (21%) in group B, to which we had no direct email access. Overall, of a total of approximately 995 potential questionnaires over five surveys from 199 occupants, we received only 228 valid questionnaires, a 23% response.
Some of this low response (22% vs. 34%) can be attributed to lack of direct email contact with all occupants of the study spaces. It will be important to study buildings in which complete sets of email addresses for all occupants in the study spaces can be obtained.
Most of the low response may be attributable to limited buy-in and support for the study by the employer and employee managers. This led to poor publicity, limited awareness, lack of interest, and thus the low response rate. Our initial contact with the building staff was through the Facilities Department, who handled all the initial communication. Future studies should involve early and direct communication with employers and employee mangers. Contacts with employee representatives (unions) where available may also be helpful. In general, having enthusiastic support and buy-in within the office workforce from at least one influential person in each work group (a "champion") helps to increase response. We note that we used essentially the same protocol in a much longer study in a different office building the same year, and obtained responses in the 70-80% range. This other study had strong buy-in and support from the employer, who communicated this to the workers -that it was appropriate and in fact desired for them to spend time at work to complete the surveys. Therefore, the low response rate in this pilot does not indicate problems inherent in the protocol itself, or the impossibility of successfully surveying modern office workers. Also, small financial incentives such as gift cards or lotteries may help increase response in future studies.
Aside from the low response rate, the overall population on the two study floors turned out to be rather small, so that even with a high response rate the numbers for analysis would have been small. It is important to verify in advance that adequate population sizes are available for the questions being asked. Also, obtaining accurate counts of employees in advance is important for calculating accurate response rates.
The very different numbers of responses on the two study floors, and the much greater severity of symptoms on one floor, throughout the study, was surprising. This posed a challenge to the analysis, which depends on the crossover design, and balanced responses from the two study areas to adjust for differences between the two study groups as the experimental conditions alternate back and forth, and as symptom occurrence usually gradually declines irrespective of conditions. We were able to adjust for building floor in the model, although this is not usually done, and this seems to have solved the problem. No revision of the design in future studies seems to be needed for this issue.
Another problem with the survey was that some respondents did not understand when to complete the surveys. Some returned none in some weeks, and two in the following weeks; others completed the survey on a day when we were changing indoor conditions between study periods. While it would be simple to change the web-based survey system to prohibit submission of two surveys in one study period or submission during a transition day, this would not solve the underlying communication problem. This will require clearer explanation of when to complete the surveys-i.e., make clear when the current survey period ends, and that the next survey time will be two weeks later. There was a similar problem with time-of-day of survey completion. We asked for surveys to be completed in the afternoon, so that respondents would have some time at work to develop any health response. However, some respondents completed surveys in the morning. For this, we could set up the survey system to not allow access during the morning, and to provide a message asking the respondent to please wait until the afternoon.
One aspect of the data collected in this survey poses a problem for analyses that future studies must plan for. The survey asks about current severity of various symptoms, on a scale ranging from 0-10. Because of the numeric distribution of responses to these questions, only certain statistical models are appropriate for the analyses (see Appendix 4). However, the models we considered (Poisson and negative binomial) require that at least 40% of the answers are larger than 0 (given the average symptom severity between 1 and 3), and this was not the case for most of the symptoms included. Future studies may require prior exploration of suitable statistical approaches to handle this kind of data, if not the use of questions that produce a different kind of data. Some alternate approaches with the current type of survey question might include:
• logistic regression, either ordinal with data categorized data into ~3 levels, or regular with data dichotomized (avoids problems with distribution of outcome variables, but loses some information in the response scale).
• zero inflated Poisson, zero inflated negative binomial, or hurdle models with the unrevised data (if applicable, uses all information from outcome scale and allows multivariate adjustment; however, assumption of XIP/ZINB models that a subpopulation never reports symptoms may not be true --but could include additional question for each symptom about whether the subjects ever have this symptom at work, to separate out a group of those who never experience the symptom from those who sometimes do; the hurdle model may not have this limitation.) • non-parametric repeated measures tests (no assumptions about distributions, so can use entire response scale without loss of information; however, has less power than parametric tests, cannot adjust for other covariates, and cannot estimate variability or confidence intervals
It will be important in future intervention studies not to place excessive demands on Facilities staff in study buildings. Even though in this pilot study we planned from the beginning to have LBNL staff do all filter installation and filter switching, Facilities staff needed to let us into the building, escort us, give us access to secure locations, and accompany us in mechanical rooms during our activities there during each building visit. In the beginning, their assistance in our installing and changing filters took more time than they could reasonably provide. To correct this, we sent two LBNL staff instead of one for each filter exchange operation and started earlier in the day, and the Facilities staff left us to work with the filters and returned only when we were done. This resolved the problem. In future studies, careful advanced planning to avoid such problems would be advisable..
To summarize the suggested revisions in the study protocol for future use:
• Building selection criteria should included that managers will provide complete sets of email addresses for all occupants in the study spaces.
• Future studies need early and direct communication with employers and employee managers, in addition to facilities staff. Contacts with employee representatives (unions) where available may also be helpful. In general, having enthusiastic support and buy-in within the office workforce from one or more influential person in each work group (a "champion") helps to increase response.
• It should be made clearer to participants exactly when during each study period they need to complete the surveys • Alternate statistical approaches, such as different models or tests, need to be selected to make the best use of the kind of data that the surveys produce.
• Careful planning to avoid over-burdening Facilities staff will be important.
Findings from the intervention study
Findings from analyses of data from the multiple crossover intervention were limited by the small size of the study combined with the unusually low response rate. The adjusted findings for filter material and ozone were in the same direction as predicted for both symptoms, and higher ambient ozone was significantly associated with more severe upper respiratory symptoms. No evidence of synergy between filters and ozone was evident. The one statistically significant finding, if confirmed in future studies, would suggest a 64% increase in severity of upper respiratory symptoms with outdoor ozone concentrations above about 58 ppb. Ozone concentrations at this level occur during a substantial part of the warm season in Sacramento and other cities.
Findings here differed from those in a prior study (Buchanan et al., 2008) , which found increase in some symptoms with synthetic filters, some increase with increased outdoor ozone, and a greater increase with the presence of both these factors than would have been expected from the increase for each alone. Possible explanations for this difference include:uncertainty about the exact filter materials associated with increased symptoms in the previous study (i.e., synthetic, polyester, etc.) due to inexact descriptions; possible causation of the increased symptoms in the prior study by an unmeasured factor associated with synthetic filters rather than the filter material itself; the lack of low ozone levels in this study corresponding to the lower ozone levels in the prior study (the median outdoor ozone levels in the prior study were closer to the minimum levels in this study); use of symptom severity questions on one day in this study, versus retrospective symptom frequency questions over the last month in the prior study; the shorter time frame for each filter condition in the pilot study (two weeks vs. months or more in the prior study); and small sample size of the pilot study; .
Findings from this pilot provide valuable information on the distribution of symptoms in an office population, which will help with estimation of sample size and power calculations for future studies using this questionnaire and protocol. Tables 5 and 6 provide the distributions of reported symptom severities for the set of symptoms considered for initial analyses here.
The pilot found significantly higher severity in upper respiratory symptoms when outdoor air ozone levels were above average, consistent with one major finding from a prior large multibuilding survey (Buchanan et al 2008) --that prevalence of upper respiratory symptoms while working in office buildings increased linearly with increasing concentration of outdoor ozone. This finding agrees with findings by Buchanan et al. that ambient ozone exposures may influence health effects experienced indoors. These results indicate that technologies which reduce people's exposures to outdoor ozone can be, and should be, evaluated in future intervention studies. Parallel research that we performed in another section of the same study building has demonstrated that prefilters containing activated carbon can remove ozone for an extended period (Fisk et al. 2009 ). Prefilters containing activated carbon were removing 60% to 70% of the ozone at 67 and 81 days after filter installation, whereas the comparison filter bank without activated carbon removed negligible ozone This time period of effective ozone reduction is comparable to the usual time intervals for prefilter replacement, suggesting that effective ozone reduction could be accomplished in buildings with a change in filter specifications without requiring changes in maintenance practices or increased numbers of filters.
